INTRODUCTION
Cupriavidus necator H16 (formerly known as Ralstonia eutropha H16) has received much attention for production of polyhydroxyalkanoates (PHAs) regarded as feasible biodegradable plastics, due to its ability to accumulate large amounts of PHA as storage material from simple carbon sources (Khanna and Srivastava 2005) . Although synthesis of poly[(R)-3-hydroxybutyrate] (PHB), the most representative of shortchain PHA, is mainly mediated by a phaCAB operon including three enzymes such as β-ketothiolase (phaA), acetoacetylCoA reductase (phaB), and polymerase (phaC), many central metabolic pathways including glycolytic and pentose phosphate pathways, Krebs cycle, amino acids/fatty acids metabolism are also known to be involved in PHA biosynthesis (Lu et al., 2009 ).
Especially, β-oxidation cycle can supply hydroxyalkanoate monomers from fatty acids (Fukui et al. 1998; Sato et al., 2011) .
Thus, production of fatty acids and their utilization in C. necator may be employed to increase its capability of PHA synthesis as well as biofuel production (Chen et al., 2015) .
Enoyl-CoA hydratase/isomerase (ECH/ECI) superfamily is comprised of enzymes with a conserved trimeric/hexameric structure (Kasaragod et al., 2013) . However, they have various activities of hydratase, isomerase, lyase, decarboxylase, and hydrolase, and function in diverse pathways (Benning et al., 2000) . Among them, ECH is known in the degradation of saturated fatty acids, and catalyze the addition of hydroxyl group to trans-2-enoyl-CoA forming β-hydroxyacyl-CoA (Figure 1 ), which is directly related to PHA production. (R)-form specific ECH (PhaJ) was first identified in the PHA-producing bacterium Aeromonas caviae (Fukui et al., 1998) . PhaJ plays an essential role in providing (R)-β-hydroxyacyl-CoA monomers of medium-chain length via β-oxidation (Liu et al., 2016) . It was shown that expression of PhaJ from Pseudomonas aeruginosa increases PHA accumulation in C. necator (Budde et al., 2011) . Interestingly, C. necator genome contains many genes coding for ECH/ECI family proteins. However, ECH family proteins in C. necator have not been characterized well till date. In addition, despite the importance of identification of ECH/ECI family proteins, structural studies on them have not yet fully distinguished functional differences.
H16_B0756 from C. necator has been annotated as ECH without biochemical data. We found that this protein has relatively unique amino acid sequence lower than 37% compared to other ECH/ECI family proteins that currently have crystal structures. In this work, we describe the cloning, expression, purification, crystallization and X-ray crystallographic analysis of H16_B0756, an ECH/ECI family protein in C. necator.
RESULTS AND DISCUSSION
H16_B0756 was purified to apparent homogeneity by Purification, crystallization and X-ray crystallographic analysis of enoyl-CoA hydratase/isomerase-family protein from Cupriavidus necator H16
H16_B0756 from Cupriavidus necator H16 is a putative enoyl-coenzyme A (CoA) hydratase/isomerase-family protein.
Enoyl-CoA hydratase (ECH) in β-oxidation might provide hydroxyalkanoate monomers for PHA production. However, β-oxidation pathway and ECH family enzymes in C. necator have not been fully characterized. To identify the function of H16_B0756, the protein was overexpressed and purified to homogeneity by affinity and size-exclusion chromatography. The H16_B0756 protein was crystallized using hanging-drop vapor-diffusion method in the presence of 30% polyethylene glycol 550 monomethyl ether, 0.1 M sodium chloride and 0.1 M bicine, pH 9.0 at 295 K. X-ray diffraction data were collected to a maximum resolution of 2. bdjn.org Bio Design l Vol.6 l No.2 l Jun 30, 2018 refmac5 (Murshudov et al. 1997 ). The initial electron density map, which was good quality with backbone atoms well defined by electron density, allowed us to build a three-dimensional H16_B0756 structure. Crystallographic model building and refinement of the structure to 2.0 Å resolution are in progress.
METHODS

Production of H16_B0756
The forward and reverse primers were designed as 5'-GCGCGCATATGAC GCAAGCCACGCCTTCGTTC-3' and 5'-GCGCGCTCGAGGATGAAGGGC GGCTCGCTGGTC-3' to introduce NdeI and XhoI restriction sites, respecti vely (underlined). The H16_B0756 gene was a mplified by polymerase chain reaction (PCR) using genomic DNA from C. necator H16 as a template. The PCR product was then subcloned into pET30a (Life Science Research) with a six-His tag at the C-terminus. The resulting expression vector pET30a:H16_B0756 was transformed into the E. coli strain BL21(DE3)-T1R, which was grown in 1L of LB medium containing kanamycin at 37°C. At an OD600 of 0.7, H16_B0756 protein expression was induced by the addition of 1 mM isopropyl β-D-1-thiogalactopyranoside (IPTG) and the culture medium was maintained for a further 20 h at 18°C. The culture was then harvested by centrifugation at 4,000×g for 15 min at 4°C. The cell pellet was resuspended in buffer A (40 mM Tris-HCl, pH 8.0) and then disrupted by ultrasonication. The cell debris was removed by centrifugation at 13,500×g for 30 min and the lysate was applied to an Ni-NTA agarose column (Qiagen). After washing with buffer A containing 10 mM imidazole, the bound proteins were eluted with 300 mM imidazole in buffer A. Finally, the trace amount of contaminants was removed by size-exclusion chromatography by using a Superdex 200 prep-grade column (320 mL, GE Healthcare) equilibrated with buffer A. All purification experiments were performed at 4°C and SDS-polyacrylamide gel electrophoresis analysis of the purified proteins shows a single polypeptide of 32.3 kDa corresponding to the estimated molecular weight of the H16_B0756 monomer. The purified protein was concentrated to 60 mg/mL in 40 mM Tris-HCl, pH 8.0. Macromolecule-production information is given in Table 1 .
Crystallization of H16_B0756
Crystallization of the purified H16_B0756 protein was initially performed with commercially available sparse-matrix screens from Rigaku and Molecular Dimensions by using the hanging-drop vapor-diffusion method at 20°C. Each experiment consisted of mixing 1.0 μL protein solution (60 mg/ml in 40 mM Tris-HCl, pH 8.0) with 1.0 μL reservoir solution and then equilibrating this against 500 mL reservoir solution. H16_B0756 crystals were observed from several crystallization screening conditions. After several rounds of crystal improvement, the best quality crystal appeared
Crystallization of ECH-family protein from Cupriavidus necator H16 in 30% polyethylene glycol 550 monomethyl ether, 0.1 M sodium chloride and 0.1 M bicine, pH 9.0. Crystallization information is summarized in Table 2 .
X-ray diffraction analysis of CnECI Diffraction data were collected from H16_B0756 crystals on 7A beamline of the Pohang Accelerator Laboratory (PAL, Pohang, Korea) (Park et al. 2017) , using a Quantum 270 CCD detector (ADSC, USA). The H16_B0756 crystals diffracted to a resolution of 2.0 Å. The data were indexed, integrated, and scaled together using the HKL-2000 software package (Otwinowski et al., 1997) . The data statistics are summarized in Table 3 .
